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Pilot study of Electronic Monitoring (EM) systenrflisheries control
on smaller vessels.

Dan Tilander and Sven Gunnar Lunneryd
Institute of Coastal Research, Swedish Board dfdfiss, Box 109, SE- 442 22 Oregrund,
Sweden, e-mail: sven-gunnar.lunneryd@fiskerivesket.

Summary

The cetacean by-catch programme set up in respgorisd council regulation no. 812/2004
requires the monitoring of fisheries by-catchesragpendent observers. The purpose of this
pilot study was to see if remote Electronic Monigr(EM) using onboard cameras could
meet the requirement more effectively than maimaifisheries personnel onboard the
fishing vessels. The regulations only require naimg of vessels over 15m length, for both
practical and economic reasons, but they encoureageber states to carry out pilot studies
on smaller vessels as well. This is exactly what3kwedish Board of Fisheries has now done,
with trials involving two gillnetters in the centf@altic Sea during the summer of 2008.

EM is well established in Canada, so two complgstesns with 3 cameras for each boat were
hired from the Canadian company Archipelago MaResearch Ltd. The way the system
works is that sensors detect when the vessels f[gav@nd when the nets are being hauled,
and a computer controls when the cameras starstapdilming, depending on the previously
chosen programme settings. Both video and sensareeordings, including GPS
coordinates, are stored on a removable hard dukiesh can hold many weeks' worth of data
and can be removed later in order to check fordighes. The time needed for analysing the
recordings on dry land was somewhat less thandhualtime spent hauling nets, and
considerably less than an at-sea observer would had to spend on board. The system was
tested for 4 months, including 71 days of fishipgations, and proved to be reliable, with
only a few days of data lost due to technical peoid. The same set-up lends itself to
recording bycatches of seabirds and seals; todberdenting of seal-induced damage to
catches; and even to monitoring by-catches of aoget fish species.

During the study, no porpoises were by-caught,saat was reported as by-caught but falling
out of the net before it could be filmed and 1%ses were by-caught. Results from the
monitoring system correlated very closely with toatrol data obtained from fishermen's log
books.

The study was carried out in active co-operatiotihwommercial fishermen A rough
projection based on this pilot study suggeststti@atost of implementing a full scale EM
monitoring programme should approach as littlersstbird of the cost of maintaining an
onboard observer programme, and possibly evenWésis.this in mind we conclude that the
EM system should be an effective and relativelyagh@ay of monitoring by-catches.



The EM system: description

The EM system (Fig.1) consists basically of frone ¢ém four analogue video cameras with

variable recording quality, linked to a Windows qauter (Control Box) with a flexible data

storage facility (Data Storage). This comprise$l@swappable inbuilt hard drive and the

facility to attach an external hard drive via a Ugt. There is also a sensor fitted to the
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Fig1l. Schematic diagram of the EM system anddtegonents.

hauler which reads the hydraulic pressure, a ma@msor (photocell) on the winch/hauler
drum and a GPS receiver. The latter records theeVesnovements while the sensors on the
fishing gear indicate the progress of any fishiotivaty. All these inputs enable the triggering
of recording at the appropriate times accordinthéosettings chosen. A keyboard and screen
are also linked to the computer to enable contrdlmanagement of the hardware and
software.

The system runs off the vessel's electricity supplg records video and ancillary data for
each fishing trip. Sensor data is continually rdedrwhenever the vessel's engine is running:
at ten second intervals, the date, time, posigpeed and course as well as any signals from
the pressure and movement sensors are saved ialdpgtfiles. The video cameras can also
be set to record continuously, but more typicadlly &im is to record only when there is
fishing activity going on. This is achieved by @etting suitable parameters for the sensor
readings, which then trigger the cameras appra@byiafior example when the nets are being
hauled. The data is stored on high capacity hakisdivhich can suffice for anything from
several weeks to several months usage, dependitigea@ize of the disks chosen, how much
fishing activity takes place, how long before aftérahauling the system is set to record, the
number of cameras used and the number of framesepend recorded. In the event of an
interruption to the power supply while the systenmioperation, whether accidental or
deliberate, it starts up again automatically whHengower is restored and returns to its
functions as programmed. Any interruption in theadbow from the sensors will be visible in
the read-out from the system when the data is aedly



Overview

The fishing boats used for the study (Plate 1) weaenly engaged in the turbd®getta
maxims) and flounderRlatichthys flesusfisheries, with some cod@dus morhupalso
targeted. On each boat, three cameras were mouatedding video from different angles
(Plate 2) in order to cover all the relevant fighoperations. The systems were installed and
put into use at the end of May and beginning oJ2008 and data collection continued until
the beginning of October, i.e. for four months. IBeéssels' skippers also kept a detailed
fishing journal for the duration of the projecttivrecords of fishing activities, catches and
by-catches, seal and bird damage and disturban@eesrding to the protocols already in use
by the Institute of Coastal Research in its Volayntaogbook Scheme.

Plate 1. The two Gotland fishing boats "Boat 1ft}Je10.6m, and "Boat 2"(right), 11.6m, on whictetBM
systems were installed.

During the course of the study, Archipelago Maftesearch Ltd processed the raw data from
the sensors and supplied results in the form oeEsgreadsheets, graphs and maps. One
member of staff at the Swedish Board of Fisherias amployed full-time on data collection,
analysis and evaluation of the project data. Arnothember of staff acted as control for the
study by independently analysing a sample of thieenz.

Plate 2. Temporary constructions for mounting igger' cameras in order to document any by-cataligsh
might fall out of the nets before arriving at treuter; on '‘Boat 2' (left) and 'Boat 1' (right).



Operation and security

The EM system automatically collects sensor datenglier the power supply is on, which
effectively means whenever the boat's engine isingn Video recording on the other hand is
triggered by the settings pre-programmed into tmaputer. The system can be set to record
constantly, whenever the vessel is moving, whentheehauler is in use, only in certain
geographic areas and so on, and time margins caddss to the recording phases to cover
the completion of fishing operations.

The EM system is designed to function without amnolvement on the part of the fishermen.
The computer is password protected, and the caspadlocked, so once the data is recorded
it should be proof against tampering. However,sysem is not impossible to interfere with,
in that the power can be cut off at any time. is ttase it will not operate at all until the

power is restored. Any interruption in operatiomidg a trip will nevertheless show up in the
recorded data and lead to subsequent investigatotine only way of cheating the system
would be to disconnect the power before leaving.poithis case the logbook data would

also have to be falsified in order to conceal th®e fishing trip.

If any video sequences should appear to be misaingther interrupted during recording or
totally missing compared with log book data, thelgbem can be investigated and measures
taken to correct it. Possible causes might inclodppropriate recording settings, accidental
damage or the fisherman in some way interferingp wie system, but the most likely problem
is some sort of power outage.

The data can be downloaded from the system eithewhpping hard disks or by transferring
it to a portable external hard drive (Plate 3). ©pémal interval for collecting the data can
depend of course on how quickly the hard disk fijssbut also on how often one wants to
inspect and adjust the system in general. On thge¥én our study which fished the most
days, it would have been enough to collect the eegasy other month, but it would also have
been possible to use hard disks of at least twieeapacity and so extend the operational
period to four months, assuming the same fishifmythroughout that period. Intervals
between data collection should be set after takit@yconsideration the risks of errors going
undetected for long periods as well as the econamdcpractical aspects. There is also a
function whereby the fishermen can check how muai disk space is left and notify the
Fisheries Board that the data needs to be colletted, assuming there exists the desired
level of co-operation.



Plate 3. The EM box, with the cover removed andrdgble external hard drive
attached for downloading of data.

Data analysis

Analysis of data from the sensors

The text files with sensor data provide a detaitsmbrd of the start and finish times of the
fishing trip, the vessel's speed and heading amdpleration of the hauler. This, together with
the video recordings and log book records givetailgel history of the fishing trip. The text
files can also be used to generate graphic visigliss for interpreting the vessel’s activities.
An example of this is shown in Figure 2 (Fig 2)

As part of the study, the fishermen were also astagrhrticipate in the Voluntary Log-Book
scheme which the Fisheries Board has built upaankyears in order to document catch
damage and by-catches involving either seals drissa The fishermen are compensated for
keeping this detailed log-book. The purpose ofudeig this in the study was to check both
whether all by-catches and damaged catches repaoyttdte fishermen were also recorded by
the monitoring system, and whether the fishermearerabered to note all such events that
were recorded by the system.
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Fig 2. Fishing activities in graph form, showingdinet haulings in one trip. On the y-axis, redespnts the
hauler drum rotations per 10 seconds, pink shoeiséissel's speed in knots, light blue indicateswhe
video data is recorded (=1) and black gives thedulit pressure in the hauler system (bar). Thgig-a
is time in 10 second units. In this sample, reqaydivas programmed to start when the hydraulic
pressure reached a certain threshold value.
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Plate 4. Sensor data shown in map format with #abing activity shown in a different colour as ihefd by
the vessel's velocity and other data. Solid dank shows net hauling, dotted red lines are tratspor
between fishing operations and light blue is theetafter hauling when the system is still recording
This map shows a few trips with Boat 2 in earlyelun



The maps (Plate 4) already show quite preciselyevtiee nets are set, but the base data can
also be used with a GIS application to analyserajaegraphic factors such as sea depth,
bottom profile etc. which might be influencing tlileelihood of by-catches in a certain area.

Analysis of video data

The film sequences were analysed by Fisheries Bxiafflusing a proprietary software
programme, Video Analyzer (Plate 5), supplied bghpelago Marine Research Ltd. This
programme can replay the same sequence from adireaamgles simultaneously and offers
simple and precise controls for slow motion, fre#aee and fast forward, so that one can
speed through uninteresting sequences without mgssiything. At the same time it is easy

to register the location of any by-catch with tleats position, using different code numbers
on the keyboard for each species. There is alsmage capture function so that one can save
still pictures without having to pause the analysis

Plate 5. Screen shot from the Video Analyzer pnogna showing footage from all camera angles on 'Bbat

Results

Quantity of data

Altogether the two boats produced 160 hours ofndexbvideo data in 71 fishing days (Table
1). Of this, 107 hours were actually of nets béiagled. The remaining 50-odd hours
consisted of recordings of, for example, the halbé#ng used to wind on the net from the
guayside, as well as lots of short clips triggdrgdaulty recording settings during one
period. Initially there was also a problem with gystem on 'Boat 2' which created a number
of corrupt files when the power was switched ofieTcause of all this was again traced to
recording settings which didn't fit with the boativities, and both problems were solved
with the new settings. We were able to repairtadl¢orrupted files and no data was lost.



Vessel |Fishing|Fishing |Total recordedTotal time spenFishing activitie{Time spent
days |effort |video(hh:mm) |on analysis filmed (hh:mm)  |analysing
(hh:mm) fishing activity
Boat1l |15 31125 | 21:56 8:37 15:48 6:35
Boat 2 | 56 494 167 138:26 79:48 91:22 62:58
Total |71 525292 160:22 88:25 106:10 69:33

Table 1. Fishing activity during the study periodifhber of days and net.metre.days), amount of decbvideo
data (hh:mm) and time taken for analysis (hh:mm).

Time spent on analysis
About 90 hours were used on the analysis of thehbé®s of video (Table 1), including all

time spent actually viewing film sequences, butanatillary tasks such as record-keeping,
comparing sequences with sensor data and makirgupec

The time taken for analysis of the fishing sequenaied both by boat and by fishing
period. For 'Boat 2' the analysis took on averd@enthutes per hour of film, while for 'Boat
1' the corresponding figure was about 25 minutesper of film (see Fig 3 below).
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Fig 3. Relationship between film analysis time &intk spent hauling nets. Error bars indicate the s.

Quiality of data
The quality of the recordings and thus the timenspealysing them was to a large extent

dependent on how the net hauling and catch handiasgyset up on the boat. When the net
was hauled over an aluminium sorting table, aBaat 1' (Plate 5), it was very much easier to
be confident in identifying and documenting by-bets of seabirds.

In order to test the reliability of detecting byta@es, a whole month's video data from 'Boat
2' was independently analysed by two different menslof staff, without reference to each



other or to the by-catch data in the fishermargsdook. The result was that both researchers
noticed and identified the same three by-caugHtisgsa(two cormorants and an eider duck).
However, a by-caught seal had also been noteceifotfibook which did not show up on the
films. According to a verbal report from the fishiamn, the cadaver had fallen out of the net as
it came to the surface, but was apparently hiddem the outrigger camera by the hauler
itself, so all that showed up on the film was a@nicommotion amongst the crew members
standing at the railing. The angle of this cameean(era 3) was later adjusted slightly to avoid
this problem arising again.

The only currently available way of checking howlivtlee system has worked as a record of
what actually happened during fishing operationsaghe daily log-books for boats over
10m (8m in the case of the cod fishery). For senddbats than this, there is only the monthly
journal, which is no help as it does not includagydentries. Therefore the trials with the EM
system benefited from a high degree of willingrtessollaborate on the part of the fishermen
so that the data collected could be judged to bepbete and unbiased

By-catches

In total, the recordings from Boat 2 showed 19 hyght seabirds: 14 eider ducks, 2
cormorants and 3 guillemots. These numbers divad the log-book records were the total
number was 16. On the recordings from boat 1, noabghes were detected and none were
reported by the fisherman either.

Damage by seals

The fishermen were asked to show any damagedditetcameras so that these could be
recorded by the EM system. During the trial petioere was very little seal interference. No
damage at all was reported from Boat 1. On Boaedishermen reported 6 damaged fish in
the log-book, of which 5 were shown to the cam&he monitoring system also detected a
further 2 fish which were clearly seal-damaged.réhmay have been others but the picture
guality was not good enough to detect minor damage.

Cost effectiveness

In order to judge the cost effectiveness of EM rtmimg we need to compare it with the
traditional monitoring method, i.e. using on-boal$ervers. The only available point of
reference for this is the pelagic fisheries moiitgpischeme operated by the Fisheries Board
in accordance with EU council regulation 812/200A4aerning accidental by-catch of small
cetaceans. The situation here is of course somadiffertent in that the observers stay on
board for week-long trips on a much larger vessehpposed to day trips on a smaller boat.
Parallels nevertheless exist in terms of the unptaility of weather conditions and other
factors affecting fishing opportunities, which makehard to predict fishing operations in
advance.

The pelagic monitoring scheme ran for 5 monthsrmdu#006 and can be considered to have
largely overcome its teething problems by the 288&son, so if we take the data from that
year, the observer effort constituted 34 man-moathbke equivalent of 2.83 full-time
positions. 201 days were spent at sea, of whichid@flved observing fisheries operations.
The total cost for 2007, excluding the project diog's salary and expenses, was about
€290,000, so the cost per observed fishing dayalast €1800.



The EM monitoring study cost about €85,000 (agaciwgling the project director's salary
and expenses) and monitored 71 days of fishingigctiThis works out at about €1,200 SEK
per observed fishing day. However, this figure uidiels many additional costs due to it being
a pilot study. Moreover one of the participatinghrmen only spent 15 days fishing in 4
months, so we did not get the best 'value for mooatyof the equipment on his boat. We
therefore judge that it is easily possible to redoasts to one half of those of an at-sea
observer scheme and not difficult to get them dewen less.

Even if EM is a cheap method in relative termsyauld still take significant sums of money
to implement a full-scale monitoring programme oadilly. During 2007, in the Swedish
coastal fisheries as a whole, 567 vessels sped8B@ays fishing with nets. With 5%
coverage of the fishing effort and an estimated ababout €560 per day, the total would run
to about €1,090,000. Moreover, with only a 5% cage, it is unlikely that any of the few
instances of porpoise by-catch which are beliewaattur annually would be detected, while
any data which was recorded would have a very widdficient of variation.

If on the other hand by-catch studies were diretiteateas where by-catch is thought to be a
bigger problem, then statistically meaningful figsias regards trends could be obtained. In
the Kattegatt and Skagerrak, which are the onlyaseas where one might expect any
significant porpoise by-catches, there were 7,9 @f net fishing operations during 2007.
A 20% coverage of these areas at our estimatedesass would involve a total cost of about
€890,000.

The fishermen's union was initially unenthusiaatiout the idea of at-sea monitoring, but
there is now an understanding that collecting evigehat by-catches are actually rare, and
that seal damage is much more of a problem, catilchy help to restore the fishermen's
reputation as responsible custodians of the mamweéonment. We see continued
collaboration with fisheries interests as an esaskinmigredient in any practical resolution of
the problems of enforcing fisheries policies withthreatening the survival of our fishing
industry.

Conclusion

The EM system worked with relatively little maingete for the four months of the trials.
Once itis installed it looks after itself and tmain job is to get to the harbour when the boat
is in port in order to pick up the recorded datd amcarry out system functionality tests.
Analysis of data is easy and much less time consgyithian having observers on board a
fishing vessel for the duration of a fishing trighe quality of data produced was high and we
have no reason to believe that we would have migsgdy-catches of porpoises if these had
been present in the area during fishing operatidie system lends itself equally well to
monitoring by-catches of seals and seabirds.



